Background: Asian cleft rhinoplasty is a unique procedure with specific challenges. Objectives: This paper presents our experience with the use of an open structural technique for Asian cleft rhinoplasty utilizing a complete autologous approach.
experience and outcomes with the use of the open structural approach for Asian cleft rhinoplasty.
Conventionally, the focus of cleft rhinoplasty has been on achieving better symmetry. [4] [5] [6] [7] Although this is important, cleft rhinoplasty should also enhance the aesthetics of the nose as a whole. This is especially true for the Asian nose, in which the nose is often flat, short, and underprojected. [10] [11] [12] Accordingly, Asian cleft rhinoplasty is a functional as well as a cosmetic procedure, not only to make the cleft nose deformity look less obvious, but also to give the patients an overall better-looking nose. Therefore, when planning the rhinoplasty, the noncleft side should also be enhanced as needed.
This paper presents our experience with the use of an open structural technique to Asian cleft rhinoplasty utilizing a complete autologous approach.
METHODS
This study was conducted with strict adherence to the ethical principles as stated in the Declaration of Helsinki. This study included all Asian patients presenting for cleft rhinoplasty from January 2010 to December 2015, and includes primary and secondary rhinoplasty and unilateral and bilateral cleft patients. All patients were treated from infancy with cleft lip repair, cleft palate repair, and alveolar bone grafting utilizing a standardized treatment protocol and techniques by the senior author (S.T.L.). No primary cleft rhinoplasty during early childhood was performed on our patients. The rhinoplasty was performed at skeletal maturity (16 years and above). The complete autologous approach was utilized, harvesting the rib cartilage and the deep temporal fascia. The assessment of aesthetic improvement was made by the surgeon after comparing the preoperative and postoperative photographs and asking the patient to rate his or her satisfaction from an objective scale of 0 to 10 (with 10 being "highly satisfied"). Functional improvement was made according to patients' subjective assessments. No formal airflow studies were performed.
Surgical Technique
Rib cartilage (fifth or ninth rib) and the deep temporal fascia (4 × 5 cm 2 ) were harvested. The nose was then opened with an inverted-V transcolumella infracartilaginous approach. In patients with a very fatty tip, nasal tip debulking was done. To safely do this, the tip fibrofatty layer was undermined at the subcutaneous level with a blunt tenotomy scissors from the infracartilaginous part of the incisions, before opening the nose. After this undermining, exposure of the nasal tip was done in the usual manner. With this maneuver, the thick fibrofatty layer was left covering the tip cartilages. This fibrofatty layer was then meticulously excised off the cartilages, thereby achieving safe tip debulking. The anterior septal angle was then accessed by the tip-split approach. The septum was then exposed by raising submucosal flaps and separating the upper lateral cartilages from the dorsal septum.
Septoplasty
The caudal septum was often dislocated off the anterior maxillary crest to the cleft side. A piece of the quadrangular cartilage was harvested leaving at least a 1.2 cm L-strut for support. The redundant caudal septum was then conservatively excised. The L-strut can then be relocated to the midline. This will then be secured in the midline with a 4/0 Prolene horizontal mattress suture.
Septal Extension and Tip Projection
To simultaneously increase the tip projection and lengthen the cleft nose, a very rigid septal extension graft was needed. We utilized the "tomahawk" septocolumella graft as described by Daniel. 13 This graft was secured robustly in the midline with a dual-level fixation technique. Anteriorly, the septocolumella graft was stabilized with bilateral extended spreader grafts. Posteriorly, over the portion of the septocolumella graft that overlapped the caudal septum on the concave side of the septum (usually the cleft side), a horizontal mattress suture was utilized ( Figure 1) . This dual-level fixation firmly secured the septocolumella graft in the midline and will be the central pillar for support of the nose on which the tip projection and nasal length can then be set. The septal cartilage was the preferred material for the septocolumella graft. The extended spreaders were fashioned from the rib graft.
Mobilizing the Tip
The lower lateral cartilage on the cleft side is usually cephalically malpositioned, hypoplastic, buckled, and contracted, giving the characteristic slumped nasal tip. Laterally, the lateral crura is firmly attached to the pyriform aperture, which is usually displaced posteriorly and caudally. Medially, the medial crura is dislocated off the anterior nasal spine, which is usually hypoplastic and depressed. This anatomy severely limited the tip projection, lengthening, and derotation that can be achieved on the cleft side. To project the nose significantly, the lateral crura on the cleft side has to be completely released from all attachments. It was detached from the accessory cartilages laterally. The lateral crura was then elevated off the vestibule up to the middle crura, completely mobilizing these two parts of the lower lateral cartilage off the nasal mucosa of the nose. The lateral steal procedure was then done, recruiting the middle and lateral crura into the medial crura (thereby lengthening it) to allow for the medial crura to project sufficiently. The amount of lateral crural steal ranged from 2 to 7 mm.
Lateral Crura Reconstruction
To reconstruct the lateral crura (which was now shortened), the lateral crural strut graft (LCSG) as described by Gunter and Friedman, 14 fashioned from rib cartilage, was utilized ( Figure 2 ). On the noncleft side, if the lower lateral cartilage was also quite contracted (a common feature in Asian patients with short noses), such that it was limiting adequate projection of the nose, the same procedure (lateral crural steal and LCSG) was also performed. The amount of lateral steal was always less on the noncleft side. The lateral steal and reconstruction of the lateral crura with the LCSG was done on both sides in cases of bilateral cleft nasal deformity.
Setting the Tip
This is a crucial step, because this would set the nasal length and tip projection. With the tip mobilized to the location of the desired projection and length, the medial crura were sutured to the caudal part of the "tomahawk" septocolumella graft. Two horizontal mattress sutures were placed for this. Domal creation sutures and lateral crural mattress sutures were then performed as indicated. Interdomal sutures/domal equalization sutures were then placed to create a symmetrical and strongly unified tip.
Tip Grafting
To achieve a sharper tip with good definition, tip grafting needs to be done quite aggressively in Asian patients. This is generally well tolerated, because the thick skin makes visibility of the grafts rare. Grafting on the strong foundation already achieved at this stage could further increase the tip projection and length. Shield grafts were the most commonly used grafts. A piece of buttress graft (placed behind the shield graft) or Peck-type onlay grafts may be utilized as indicated. Tip suture and grafting was done meticulously to ensure symmetry of the tip at the end of this step ( Figure 3 ). Before closure, any sharp edges of the graft construct are smoothened to avoid long-term visibility of the grafts.
Dorsal Augmentation
Dorsal augmentation was done with the diced cartilage wrapped in deep temporal fascia (DC-F) as described by Daniel. [13] [14] [15] [16] [17] The degree of dorsal augmentation was determined at the preoperative discussion and analysis with the patient.
Closure
At the closure, the cartilaginous framework should be symmetrical. Specifically, the depressed alar cartilage on the cleft side has been repositioned into a symmetrical location as the contralateral alar cartilage. During the closure, The lateral crura was detached from the accessory cartilages and dissected off the nasal mucosa up to the medial crura, as shown on a 19-year-old woman. To allow the tip to project adequately, the short medial crura (Point 1, indicating the native medial crura limit) was lengthened by recruiting the middle (and lateral) crura into the medial crura, thereby lengthening the medial crural (Point 2, indicating the new location of the limit of the medial crura). This "lateral steal" procedure allows for the freedom needed to set tip projection and length. The "shortened" lateral crura is reconstructed with the lateral crural strut graft (LCSG) fashioned from a rib graft.
an alar rim on the cleft side, a reverse-U excision of the vestibular lining, as described by Tajima, 18, 19 was performed to eliminate the alar hooding. Closure is done with Ethilon 6/0 for the transcolumella part and catgut 6/0 for the rest of the intranasal incisions. On the side of the nose where both the nasal skin and nasal mucosa have been elevated off the cartilages, external and intranasal Silastic splints were fashioned and tied over with a Prolene 4/0 sutures mattress suture in order to have the soft tissues conform to the reconstructed cartilages to give the intended nasal shape and to eliminate potential dead space. These splints were kept for 1 week.
Alar Base Reduction
Alar base reductions were done either on the cleft side alone or bilaterally (if needed on the contralateral side). On the cleft side, the alar base is often displaced slightly more laterally and inferiorly, and the alar base reduction would correct this. The alar base incision would also provide an access to the nasal floor on the cleft side. A preperiosteal pocket was created at the nasal floor and grafted with a piece of solid rib graft to augment the nasal floor on the cleft side. 20 
RESULTS
From January 2010 to December 2015, 35 Asian patients underwent open cleft rhinoplasty. There were 18 female patients and 17 male patients. Twenty-nine patients were unilateral clefts and 6 were bilateral clefts. The mean follow up was 23 months (range, 6-55 months). The mean age of the patients was 19 years old (range, 16-29 years). All of the patients were highly satisfied with the aesthetic and functional improvement achieved with this procedure. 
DISCUSSION
The open approach in Asian rhinoplasty is increasingly becoming the preferred approach for many surgeons. [21] [22] [23] Despite this, open Asian cleft rhinoplasty has not been adequately discussed in the literature. [24] [25] [26] [27] [28] [29] [30] [31] An open rhinoplasty approach that "aggressively" repositions and reconstructs the nasal cartilages of the Asian cleft nose has not been previously published. Many surgeons have reservations about the safety, effectiveness, and predictability of such an approach in the Asian nose, with the challenges of the thick sebaceous skin and weak nasal cartilages. Implant-based rhinoplasty is widely utilized in Asian noses. The use of a Silastic implant in cosmetic rhinoplasty is fraught with potential short-and long-term complications when the implant is utilized in the tip. 32 Because of the profound abnormalities of the cartilage, nasal bones, and soft tissues in the cleft nose, Silastic implants are even more problematic and are best avoided E F G H In the Asian cleft nose deformity, key aesthetic considerations include straightening the nose, improving tip projection, tip symmetry, nasal length, and dorsal height. 10, 11 One of the most characteristic stigmata of the Asian cleft nose is the collapsed nasal tip on the cleft side, resembling the effect of pushing the tip of the nose down with an invisible finger. 25, 26 This is due primarily to the dislocation and collapse of the lateral crura on the cleft side and is very difficult to correct. Precise reconstruction of the nasal tip cartilages with strong structural grafts would be needed. To achieve this, several core maneuvers were found to be effective. Central to this structural foundation is a strong septocolumella ("tomahawk") graft secured robustly in the midline to simultaneously project and lengthen the nose. 13 Our septal extension graft is similar to the tongueand-groove technique described by Guyuron and Varghai 33 with the following exceptions: first, the septal extension graft is placed above the level of the extended spreader graft, with the construct resembling a "tomahawk" as described by Daniel; and second, to achieve a very strong fixation of the septal extension graft, a dual-level fixation was performed, fixated anteriorly to the extended spreader (as with Guyuron and Varghai's approach) and posteriorly overlapping with the caudal septum sutured fixation performed.
The lateral crura is tethered to the sunken pyriform on the cleft side, severely limiting the projection, length, and derotation of the nose that can be achieved. To overcome E F G H Figure 5 . Continued this, completely mobilizing the lateral crura and recruiting the lateral crura to lengthen the medial crura (lateral steal procedure) was utilized. To reconstruct the now deficient lateral crura, the LCSG was utilized. 16, 25 This completely reconstructed the lower lateral cartilage on the cleft side. The strong support afforded by the tomahawk graft enabled the tip to be set, achieving the desired tip projection and nasal lengthening in the process. The lateral crura on the cleft side (which was slumped and collapsed) was reconstructed by repositioning the lateral crura and reinforced by the LCSG in a more anatomic position. This restores the natural contour and shape of the lateral crura. The tip is further refined with aggressive multilayered tip grafting, utilizing shield, Peck onlay, and buttress grafts as indicated. For dorsal augmentation, the diced cartilage wrap in the DC-F technique was effective and reliable, with both predictability and longevity in the results. [15] [16] [17] 34 The added benefit of augmentation with DC-F in the Asian cleft nose is that it is extremely versatile in camouflaging minor dorsal contour irregularities as well as minor residual deviations. 29 In cleft patients with nasal humps, the hump was conservatively reduced through the component hump reduction method. 35 Many Asian patients with a nasal hump have low radices. By raising the radix, the hump reduction needed may be done more conservatively. This is important, because excessive lowering of the dorsum to eliminate the hump would result in a very low dorsum that is aesthetically undesirable. Accordingly, the dorsal augmentation is slightly modified in these patients, with the deep temporal fascia wrap being slightly underfilled with the dice cartilage distributed above the nasal hump, to create a smooth and straight dorsum (Figures 5E and 5F, and Supplemental Figure 3) . In reviewing our long-term results, the nose looks good from the frontal, three-quarter, and profile views. Socially, these are of course the priority views in terms of correcting the stigmata of the cleft nasal deformity. Correction of the basal view remains suboptimal. This is due to the multidimensional distortion of the nostril by the cleft deformity. It is depressed anteriorly by the collapsed lateral crura, posteriorly by the skeletal deficiency at the pyriform aperture, medially by splayed and dislocated medial crura, and laterally by the tethering of the lateral crura to the hypoplastic maxilla. The reverse-U Tajima flap, asymmetric alar base/nostril sill modifications (or if performed unilaterally, always on the cleft side), and pyriform/nasal floor augmentation with solid rib graft were utilized to correct these anatomic problems. Despite these maneuvers, the correction that achieved was not optimal and symmetry remained elusive. Patients were all highly satisfied with the functional and aesthetic outcome of the procedure. However, because we did not utilize any objective measures of the functional and cosmetic outcomes of the procedure, this is a limitation of this current study.
CONCLUSIONS
The autologous open structural approach to Asian cleft rhinoplasty can predictably and consistently give Asian cleft patients a profound improvement in the aesthetics and function of the nose. The result attainable is far superior to the results attainable with implant-based rhinoplasty, closed rhinoplasty, or the more "limited" open rhinoplasty that we utilized before adopting the approach for our patients.
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